In this research work, we have shown that it is possible to use fuzzy transform method (F-transform) to tackle with nonlinear integro-differential Volterra , s population model. In numerical method, in order to approximate a function on a particular interval, only a restricted number of points have been employed. However, what makes the F-transform preferable to other methods is that it makes use of all points in this interval. A comparison has also been made of this way and other approximate conclusions, in which we have shown that the present approach is less computational.
Introduction
Many researchers have used numerical methods for the purpose of solving the nonlinear integro-differential Volterra , s population model (VPG) . In this research work, we have for the first time shown that it is possible to use F-transform method (FTM) to tackle with the nonlinear Volterra's population growth model (VPG) of the following form: ∂ ∂ t P( t ) − A P( t ) + B P 2 ( t ) +C P( t )I t 0 P(s) = 0, P(0) = P 0 , (1.1) in which
• positive parameter A, stands for the coefficient of birth rate,
• positive parameter B, is te coefficient of crowding,
• positive parameter C, signifies the coefficient of toxicity , which demonstrates the important treatment of the population evolution as long as its level falls to zero in the long run.
• P 0 is the primary population,
• at time t, P = P( t ) denotes the population,
• the sentence I t 0 P(s) = We utilize the scale population and time by introducing the non-dimensional variables u = B P A and t = C t b to gain the flowing problem
In non-dimensional problem (1.2):
• u(t) is the scaled population of identical individuals at time t,
• λ = C A B is a prescribed non-dimensional parameter. The analytical solution of problem (1.2) is as follows
and it shows that if u 0 > 0 , for all t, u(t) is positive. (see [1] )
Various approximate methods for approximating the VPG have been investigated by scholars. A number of them is shown in Table Table 1 . Table 1 : Nonlinear integro-differential Volterra , s population model.
The F-transform has been implemented for dealing with ordinary differential equations as compared with many other classical procedures [20] . In approximate method for the purpose of approximating a function on particular interval, only a restricted number of points are used. What makes the F-transform preferable to other methods, however, is that it makes use of all points in this interval. The FTM has recently been utilized by authors in [21, 22, 23] to find on approximate solution of the 1nd fuzzy differential equations and two-point boundary value problems. Along the same line of research, Chen and his associates in [24] have established an algorithm to gain the numerical solutions of 2nd primary amount problems.
Fuzzy partition and Fuzzy transform
In this section, only the main definitions of F-transform to be utilized in the subsequent sections of numerical implementations will be outlined. Definition 1.1. [20] Presuming that for n ≥ 2, t 1 = a < t 2 < · · · < t n−1 < t n = b be specified nodes, we express that fuzzy sets B 1 , · · · , B n defined on [a, b] with their membership functions B 1 (t), · · · , B n (t), form a fuzzy partition of [a, b] if they meet the following concessions:
The membership functions B 1 , B 2 , · · · , B n are named basic functions (BFs). The next formulas give the standard display of such triangular membership functions:
other.
The formulas that follow for k = 2, · · · , n − 1 give the standard display of such sinusoidal membership functions:
in which h k = t k+1 − t k featuring k = 1, · · · , n − 1. It can be stated that fuzzy partition of [a, b] , is uniform if t k+1 − t k = h = b−a n−1 and two additional properties coincide:
B n , be the BFs which builds up a uniform partition of [a, b] . Therefore,
7)
for k = 2, · · · , n − 1, in which h is the distance between each of the two neighboring nodes.
[20] Assume f be any function of the from C ([a, b]) and B 1 , B 2 , · · · , B n , be the BFs which buildup a fuzzy partition of [a, b] . We claim that the n-tuple of [F 1 , F 2 , · · · , F n ] of real numbers are given by 
[20] Assuming B 1 , B 2 , · · · , B n be BFs and
in which c 1 , c 2 , · · · , c n are optional real numbers and f ∈ L 2 ([a, b] , B 1 , B 2 , · · · , B n ). Thus, featuring
and metric interval d k ( f , g) = ∥ f − g∥ k , components F 1 , F 2 , · · · , F n of the F-transform minimize the aggravate amount of squared intervals n ∑ k=1 d 2 k ( f , c k ), with respect to parameters c 1 , c 2 , · · · , c n .
Description of the new approach
Utilizing the central difference approximation for the first derivative of Eq. (1.2):
we have the next equation:
Now, consider BFs B k (t), k = 1, 2, · · · , n, with h > 0 small enough and given, featuring 
Proof. Regarding the Definition 1
With respect to Lemma 1.1 and definition 1.1, if k = i, therefore,
If k ≥ i + 1, with Lemma 1.1 and definition 1.1, the result will be
In Theorem 1.2, if u ∈ L 2 ([0,t n ] , B 1 , B 2 , · · · , B n ) with h > 0 small enough, then we can get the approximate of function u for (1.2) with basic function BFs in the form below:
where t n = (n − 1)h.
Remark 2.1. Replacing u BFT (t) in equation (2.11), with sinusoidal membership functions, the following will be obtained: u i , i = 1.2. . . . , n:
Using the Remark (2.1) and given the specificity of u 1 = u(0), we can calculate u 2 , u 3 , · · · , u n and then gain the approximate solution u BFT (t) of (1.2).
Algorithm 1 An approximation algorithm for the n partition of [0,t n ] with sinusoidal F-transform
,
(2.14) Table 2 illustrates a comparison of the FTM and approximate methods: new homotopic perturbation (NHPM), second derivative multi step approachs (SDMM), rational Chebyshev collocation method (RCC), Hermite functions collocation (HFC), Homotopy perturbation method (HPM) , with the exact values of [13, 2] u maximum = 1 + λ ln
Numerical Results
. (3.15) In the last two columns of Table 2 , it can be seen that by increasing the amount n, a more accurate answer can be achieved.
Conclusion
In the present paper, we have applied the sinusoidal BFs for numerical solution of VPG. Convergence analysis has also been expressed and revealed that this method is convergence. The advantage of this method can be its simple way with approximate accuracy that has been indicated through example given. As it has been illustrated in previous section, the approximate solution that has been resulted in this paper are consistent with either exact solution or with other counterparts. Eventually, it is recommended to utilize the proposed approach to solve differential equations, partial integro differential and system equations.
